Abstract.-An i n t e r n a l -f r i c t i o n peak, g e n e r a l l y 0.1-1.OK wide,independent of frequency and amplitude, c e n t r e d a t Tc, and a s s o c i a t e d with t h e presence of d i s l o c a t i o n s , has been r e p o r t e d f o r lead, tantalum, niobium and o t h e r metals and a l l o y s . I t s c h a r a c t e r i s t i c s a r e shown t o be e x p l i c a b l e i n terms of a h y s t e r e t i c l o s s a r i s i n g from t h e enhancement of t h e background i n t e r n a l f r i c t i o n , due t o t h e a s s o c i a t i o n of edge d i s l o c a t i o n s with f i l a m e n t s of superconducting phase.
of a h y s t e r e t i c l o s s a r i s i n g from t h e enhancement of t h e background i n t e r n a l f r i c t i o n , due t o t h e a s s o c i a t i o n of edge d i s l o c a t i o n s with f i l a m e n t s of superconducting phase.
1. Introduction.-An i n t e r n a l -f r i c t i o n peak, occurring c l o s e t o t h e c r i t i c a l tempera t u r e Tc has been observed i n s e v e r a l metals and a l l o y s (e.g. Postnikov e t a l . 1973, 1974, 1975 ). I t s s a l i e n t f e a t u r e s , exemplified by t h e peak obtained with reeds of niobium 1-200 pm t h i c k , v i b r a t i n g a t s t r a i n amplitude of about a t 50-2500 Hz, shown i n f i g u r e 1, a r e a s follows. F i g . 1: The i n t e r n a l -f r i c t i o n peak i n p o l y c r y s t a l l i n e n i obium (Tc = 9.263) a t 4.4 kHz i n h e a v i l y r o l l e d f o i l (I), and i n t h e same m a t e r i a l a f t e r annealing f o r one hour a t 1800K (2).
(From Postnikov e t a1.1973).
Within t h e domain of v a r i a b l e s used t h e i n t e r n a l f r i c t i o n , Q-l, appeared t o be independent of f o i l thickness, t r a c e i m p u r i t i e s , amplitude and frequency i n t h e m a t e r i a l s s t u d i e d , including Pb,Ta,Nb, a s w e l l a s Nb-Ti and Pb-In a l l o y s . The peak seems t o be c e n t r e d on Tc, a s may be seen i n f i g u r e 1 (Tc = 9.26K).
I n l e a d
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19815166 6.0 and 8.OK (Tc = 7.23K). Also, on changing t h e t r a n s i t i o n temperature by about 1.3K by t h e a p p l i c a t i o n of a magnetic f i e l d t h e peak i n lead was found i n i t s new p o s i t i o n a t 5.9K t o be i n every r e s p e c t i n d i s t i n g u i s h a b l e from t h a t i n t h e i n i t i a l one (H = 0 ) . I n t h e i r paper of 1975 Postnikov e t a l . show t h a t on i n c r e a s i n g t h e frequency of v i b r a t i o n of p o l y c r y s t a l l i n e vanadium reeds from 1 t o 6 kHz t h e peak h e i g h t diminished by about 20%, but i t increased somewhat i n a b s o l u t e v a l u e i n p o l y c r y s t a ll i n e tantalum. The peaks were narrower a t 6 than a t 1 kHz, and a l s o s l i g h t l y lower i n both c a s e s i f t h e background l e v e l was taken a s r e f e r e n c e . These e f f e c t s a r e r e l a t i v e l y small, and a r e probably due t o more e f f e c t i v e pinning of d i s l o c a t i o n s by i m p u r i t i e s a t t h e higher frequencies. W e s h a l l h e r e not consider them f u r t h e r .
I n g e n e r a l t h e r e appeared t o be a c o r r e l a t i o n between peak h e i g h t and t h e l e v e l of t h e background i n t e r n a l f r i c t i o n . Thus deformation by r o l l i n g l e a d t o an i n c r e a s e i n t h e width and height of t h e peak, a t t h e same time r e s u l t i n g i n a r i s e of t h e background l e v e l ( e . g . f i g u r e 1 ) .
A model proposed by Postnikov e t a l . 
tF i s t h e mean f r e e path of t h e Fermi e l e c t r o n s (approximately p r o p o r t i o n a l t o T -~) , AT i s t h e width of t h e peak ( t h e l a t t e r occurring a t a temperature somewhat higher than TC), N i s t h e d i s l o c a t i o n d e n s i t y , and w t h e frequency of v i b r a t i o n of t h e specimen. E q . ( l ) implies a s t r o n g dependence of Q -~ and of AT on temperature,
t h e l a c k of a dependence of Q-I on N , and a f a i r l y pronounced e f f e c t of N and 61 on t h e peak width. These requirements a r e a t v a r i a n c e with observations. Also, t h e model does n o t allow f o r any c o r r e l a t i o n between t h e peak h e i g h t and t h e l e v e l of t h e background i n t e r n a l f r i c t i o n .
I n t h e p r e s e n t work we o u t l i n e a model i n which t h e a s s o c i a t i o n of edge d i sl o c a t i o n s w i t h superconducting f i l a m e n t s r e s u l t s i n t h e enhancement of t h e frequency and amplitude-independent background i n t e r n a l f r i c t i o n . To t h i s end we s h a l l f i r s t show t h a t such a h y s t e r e t i c background-loss i s t o be expected t o occur a t a c o u s t i c
and subsonic frequencies a t s t r a i n amplitudes not exceeding about loe6, i . e . when dislocation-breakaway from pinning p o i n t s a s v i s u a l i s e d i n one v a r i a n t of t h e wellknown model of Granato and ~S c k e (1956) may be assumed n o t t o t a k e place.
The Background I n t e r n a l F r i c t i o n . -R e f e r r i n g t o a d i s l o c a t i o n segment of l e n g t h & pinned a t i t s ends, and bowing under a shear s t r e s s T (= ~b / 2~) , with t h e maximum displacement of t h e a r c from t h e i n i t i a l , s t r a i g h t , p o s i t i o n equal t o x, t h e work expended i n t h e incremental expansion of t h e a r c on i n c r e a s i n g t h e shear s t r e s s i s
t h e l i n e energy having been taken equal t o %Gb . Thus, n e g l e c t i n g l a t t i c e f r i c t i o n , t h e energy required t o expand t h e segment from i t s p o s i t i o n a t zero s t r e s s t o t h a t a t t a i n e d a s t h e s t r e s s assumes t h e maximum value, 2 3 a t r = T~, i s equal t o ~~e /G.
A t t h e frequencies considered t h e d i s l o c a t i o n w i l l r e t u r n t o t h e unexpanded s t a t e with n e g l i b i b l e momentum a t t h e end of t h e n e x t q u a r t e r -c y c l e of t h e forced v i b r a t i o n imposed on i t by t h e o s c i l l a t i n g c r y s t a l . I n t h e course of i t s nearisothermal r e t u r n motion t o t h e i n i t i a l p o s i t i o n t h e d i f f e r e n c e i n energy between t h e s t a t e s a t T = T~ and T = 0 i s l o s t t o t h e l a t t i c e . Thus, f o r a complete c y c l e 2 3 and n segments per u n i t volume, t h e l o s s would be 2n(-r0 /G) and, w r i t i n g N'n& f o r t h e d e n s i t y of v i b r a t i n g d i s l o c a t i o n s , one o b t a i n s
7 2 where cr i s t h e usual o r i e n t a t i o n f a c t o r . With reasonable values, e.g. N = 1 0 /cm 2 and k2 = 10-lo cm , cr = 0.1, one has q-1@10-4, which i s of t h e c o r r e c t order of magn i t u d e .
D i s l o c a t i o n s i n t h e Intermediate Phase.-I n 1963 Webb showed t h a t , due t o t h e i r non-uniform s t r e s s -f i e l d s , d i s l o c a t i o n s would be expected t o s t a b i l i s e t h e superconducting s t a t e l o c a l l y . Close t o T only d i s l o c a t i o n s with a h y d r o s t k t i c s t r e s s -f i e l d
would be e f f e c t i v e i n pinning, e.g. superconducting f i l a m e n t s , and we s h a l l t h e r e f o r e concern o u r s e l v e s h e r e only with "edges". 
Seraphim and Marcus (1962) obtained general r e l a t i o n s f o r t h e e f f e c t of s t r e s s on t h e c r i t i c a l f i e l d , considering i n p a r t i c u l a r t h e n-s t r a n s i t i o n i n tantalum and t i n . They found t h a t , f o r t h e two metals

Now, up t o a few interatomic spacings from t h e c e n t r e of a p o s i t i v e edge d i sl o c a t i o n t h e h y d r o s t a t i c s t r e s s -f i e l d above i t s s l i p plane i s r e a d i l y shown t o be of
t h e order of -O.lG, and of equal magnitude, but opposite s i g n , below t h e g l i d e plane.
With G% 7. lo5 bar f o r tantalum, and 2 . 1 0~ bar f o r t i n , a rough e s t i m a t e of t h e change i n t h e t r a n s i t i o n temperature i n a small t u b u l a r volume above t h e d i s l o c a t i o n then y i e l d s AT% -0.2K and -1.OK r e s p e c t i v e l y .
On complying with Webb's r e s u l t s , t h e s i g n of Tc should be reversed f o r s i m i l a r regions below t h e s l i p plane. Thus, according t o t h e "macroscopic" treatment of t h e e f f e c t , t h e d i l a t e d regions near t h e c o r e s of t h e d i s l o c a t i o n s should s t a y normal t o
a s i g n i f i c a n t f r a c t i o n of a degree below Tc, while superconducting f i l a m e n t s of diameters of t h e o r d e r of t h e coherence l e n g t h would be r e t a
i n e d i n a s s o c i a t i o n w i t h edge d i s l o c a t i o n s up t o Tc+ATc. (At T<< Tc one would however expect a l l s t r e s s e s t o s t a b i l i s e only t h e s -s t a t e (Webb 1963)).
Local r e t e n t i o n of a f i l a m e n t a r y form of i n t e r m e d i a t e phase above, a s well a s below, Tc could thus account f o r t h e observed near-symmetry of t h e peak around Tc; i n t h e model of Postnikov e t a l . (1975) t h e 4. The I n t e r n a l -F r i c t i o n Peak.-The common f e a t u r e i n t h e a s s o c i a t i o n of t h e d i s l oc a t i o n s with eithercomponent of t h e mixed phase, of p a r t i c u l a r importance here, i s t h e e x i s t e n c e of a boundary sheath around each filament, t y p i c a l l y of width L N ,~o -~ cm, depending on t h e l o c a l coherence length. I n bowing-out a t a c o u s t i c f r e q u e n c i e s , a d i s l o c a t i o n would induce p a r a l l e l bowing of t h e filament, i n c r e a s i n g i t s own l e n g t h , and a l s o t h a t of t h e sheath. The energy per u n i t a r e a of envelope 2 i s about (~, / 8~) 6 ( v i z . Tinkham 19751, s o t h a t f o r a l e n g t h of 1 cm, t a k i n g 8% 2r = 5 x cm and Hc = 824 gauss (Ta), one o b t a i n s f o r t h e l i n e energy 3 x erg, 8 i . e . about 2 x 1 0 eV. Now, t a k i n g f o r t h e d i s l o c a t i o n energy per u n i t atomic spacing 8 (Ta) % G~~w 10 eV, t h e l i n e energy would be approximately 3 x 10 eV, s o t h a t , allowing f o r t h e r a t h e r rough approximations, both energies can be seen t o be of t h e same o r d e r of magnitude.
On proceeding a s i n t h e d e r i v a t i o n of equation ( 2 ) , one now o b t a i n s where P i s t h e r a t i o of t h e l i n e e n e r g i e s of d i s l o c a t i o n and sheath, and f t h e f r a c t i o n of o s c i l l a t i n g d i s l o c a t i o n s of edge type. Except a t r a t h e r small s t r a i n s , t h e l a t t e r type w i l l predominate i n deformed metals (Essmann and Mughrabi 19791, s o t h a t f as w e l l a s f would be expected t o be of o r d e r u n i t y ; i n f i g u r e 1 t h e peak P a t Tc i s i n f a c t seen t o be about twice a s high a s t h e background l e v e l .
5. Conclusions.-The p r i n c i p a l , observed, c h a r a c t e r i s t i c s of t h e peak, p a r t i c u l a r l y i t s independence of temperature and frequency, i t s width, and t h e i n f l u c e n c e of 2 p l a s t i c deformation on t h e peak h e i g h t , p a r t i c u l a r l y through t h e product N& (Spears and Feltham 1972), a r e explained by t h e p r e s e n t model. Equally i t accounts f o r t h e observed c o r r e l a t i o n of t h e background i n t e r n a l f r i c t i o n with t h e peak (eq.3), and l e a d s t o c o r r e c t e s t i m a t e s of t h e peak width, i n terms of a narrow temperature zone c e n t r e d on Tc w i t h i n which d i s l o c a t i o n s s t a b i l i s e filamentary s t r u c t u r e s o f t h e i n t e r m e d i a t e phase. The model a l s o accounts f o r t h e widely observed frequency independence of t h e background i n t e r n a l f r i c t i o n of metals i n t h e n -s t a t e , and f o r -1975 I n t e r n a l F r i c t i o n and U l t r a s o n i c Attenuation i n C r y s t a l l i n e S o l i d s ( B e r l i n : S p r i n g e r ) . 
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